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A plurality of Group III nitride compound 
semiconductor layers are formed on a substrate 
for performing the formation of elements and the 
formation of electrodes. The Group III nitride 
compound semiconductor layers on parting lines 
are removed by etching or dicing due to a dicer 
so that only an electrode-forming layer on a side 
near the substrate remains or no Group ill nitride 
compound semiconductor layer remains on the 
parting lines. A protective film is formed on the 
whole front surface. Separation grooves are 
formed in the front surface of the substrate by 
laser beam irradiation. The protective film is 
removed together with reaction products 
produced by the laser beam irradiation. The rear 
surface of the substrate 1s is polished to reduce 
the thickness of the substrate. Then, rear 
grooves corresponding to the latticed frame- 
shaped parting lines are formed in the rear 
surface of the substrate. The substrate is divided 
into individual elements along the parting lines. 
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*pl (p MM); BUfc 8 (A%ttttfi>. * p JS 4 tt±»« 
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•HHft— T. H 13B »«T»JllatRl«i3Fa*«;>%-W^«A%« 5a 

(scribing cutter) «<h*M8#Jtt— @/*jW#firfir 4^*1^^ 
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*j^«ft*tt58±,rawwiBi (EW) mi?sd> 5-10 urn. ant, se^a^ 

4> 40-50 nmo 

&ffi, itJPJEll5A^g|3SttJfcffi4|JttaE*i«r«M-fl«iS*S 3 crafts 








i# 20 21 
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ioa ^ iob m&mM*mnMm®&mji¥m£m^myt > %ik 
is ttmm&ffiM&'&m=?&}&Mmm; &m ud *pb he Affi&*r££tt 

B 12A Aflist^KB no 4»JiJfiW*JtJlf«E#W led 7c#*ft- 
tSijilill, &B 12B Aai±#WB he +*8*&WAJi-M&flW led 7E 

20 B 13A **^**JKJRU»^tt "^BURT #**»i±#*0T& 

fttt led ft&ftB. M 13B ACT*^J&ltf*J&tt "«J#J" # 

®a#&#T»# to led tta%Bi 

~i4ASi4D*ffl^iliB*»B*fl*K«W^*B (MSB): 

15A*P 15B Affi)£&itfflttttft&*&J3ftJ&>i < 
25 B 16A5W 16B Affi£$ifittft&&tt)*r (roller-breaking) JsttW 
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23B *+*fl«sjt 200 atj#^®; 

5 S 25A 25B) MMkWB¥ftMM&&+&*i*&ft 100' (!£ 100) 
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3QA»30Bft»^*##ft^20fl«l»^tta«gB: A 

3 3i ^M^-^Bj^a^s^fiti^— ^j^etj^— ^#-^n>ratif!i^ 
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lASlG^^HJ^Bj^-^JI^I^^g (tig), 

1AM ig ^^tJ^tiJTM^B in 

4&^^##M 2n Si 3p, <HM > hM2nSJ3p^^#Mji&fltM, 
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Mft&%m is ift^M) HMK is amf**ffiJMJgtPMI 

5 S# is Ea^ilit is tttra*1Bttf0£'. 4iPMWW*ffi± 

io ^-Bj^VCo 

m^it^^iii is 1/5. ift-T, ^3a«& 

15 nwmftMUM.wm^ft is w»#n*. f^Att»*«i(iife*wai>i- 
is ^m^m^mm^mmwmmm^mmn-^nm 5 ws^s 

HUE. ffim^X is fflMftl&tf » *<h»>t is fcjffft (S IE), ftjg. 
20 Is WBfP^ffi^^BMfll 6, 6 {fc^flr^aWfl-as 

ttxsTiSWfidl (1 if). E^JfcJ&Ml 6 tt#**ra^Jfc£«f 5 tfy 

IP, ^ffi# 6 TOit3±fel!iS!& (scriber) &Jg, 31 

J±*ft««f (roller-breaking) ^#ft£:lS*##ll5&tt*tf 

25 ft is mj&MJigi 1/5, hjh:, 7 iwfl*fiy^j5W&#^s*tt^i« 

5 ^Emm 6 nmmt&*m. bp. «M>Rr±*>i-»«iw 
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^m^-wmm.m-m 5d, m-*§ 5d ^wi^/h^stf is mmm^± 

m 1/5 (® 2C). #U5, 4 -^m^m^lt^^^^-^^* 

(®2D)o 

io is mfem%m*mj&mmm 6, 6 ^^em 

**«*^ll«^^WA#^7C#. E&T^— 'MUM 5d tfj^S 

W^Stf is Jtfttt*tt 1/5, 7 IMMft&Jft«ft5ttg 

is »«^*^»I«F^W« 5d 5Jgim 6 (H 2F)c 

HSAMSFftfflTiftWatflillH^SfcltWtt^M (ill). Gl 

20 «^Tlftt±^aa»B*fi*^-«»%«^aWtt5*r (9 3A)„ 

4 «tjg&tt^ttei*£ (s 3B)o mB, tettismt&nib 
is ^Btr^miij (7c#^t!i) +m»5W«— 5d, 

3C)o ftjg, 4 ^tMIIf^i^M^-^fl* (®3D)o 

^SJt Is fitJ^ltrSP^M±^±JE^^ (pressure-sensitive 
adhesive sheet) 80 Stf Is ±TfllS^, #r0«)t Is &Jj5«P^®, W{g 

is km <s 3E) B mmx is w*j9P«/h, asa*— 

30 5 ztiMX is, asiii^m 5 m&^m&ytftnmmmgmi&mxfr 
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(double hetero-junction) £g$J#Jj£-fe LED 7C#„ ;%7ft)4t, 



p-n 



*m8t%l 10 nm # JL*jS*tt 30 
fia8A^ai«*Hfe LED 7G#«|*7G. 3E3&*Ml*»T , & 





a mmmmft b * , wmm^mx i 5 nm, 





yag myt^jm^mw^ 355 m), 

m 10 urn mBfrCo&&ft^5£,&mXi&M^m}i l 15 |xm 

1 &)ja^%tm, 1 fftmfeffi'bm 100 ^m 0 m^^ms 
jt^^^Mfe led itWo &&wmuT, a3M^*# 1 
-^^%^^^n^mmytm^%~^M^ led t^w# 
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SS'ttfflJfcfcfitt 15 nm ft&tB^flTC YAG \ 





^xmi^o mm, 

($H£: 1064 nm) 
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m 5A m 5E Affij^&igmftiRHH. s 5A MttjR in mm.it 










M *n Abo *TO*lfHftifl9 

20 M m Ab ft^Attffil (amorphous), Hjfc , 6f3^«9!. MM, it 

^£fcB3» (light-extracting efficiency) «fco MM, ^E^sgtHJ^, £W 

25 LS, (TtffS) SlftMWI^IMfttlAb, 

6A M 6F ft&JM . S6AI 6C AJft&#£ 
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Jt 11 #JJgS«M± (ffl 6A)c iilft^fl*, W^Mit, 








£gjgt bl, ft%i&&^&^%> in im*bWfe#«*##£ 

BSo 

**n££5. a (Si), llti (SiO, (MgAi 2 o 4 )» 
zno, MgO «i H in jfc-JI v if 
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vx%.m in mn.ikvoik&ta*£&it. mimuitm (GaN) &rm&iw 

^^til&Mfa^Hffifefc (MOCVD) WL^til&mHfaftM ( MOVPE ) 

<ss, RTWttffl^m^ss (mbe), *ib«n 

5 *S£h3E& (Halide VPE), $i*l*b5£& (LPE) ^^HgRr&S^ffi 

m mnit^sit^^wwm 12 ik^c^i 300 Mm m&im^ 





Jt 11 ±, 3000 p-n^&gg (double hetero-junction ) ^^ifitj 

ffife LED 7C#o Stt«i^lfMfttt%AJtfi«l7C#^^SilH. #**tW 
is H#lftj5!f«m, fl&JP**<hafttt* 90 umM 150 urn. 








B. Wi&^lf^ YAG m^^^H^i^ 355 nm), 

5£, ^Jt^^M^/^^fr 10 umM 15 nmI«gA 50 um 
90 um W$H*«. 

20 ^J5, ttffi 2000 W § fi«lft^li«L (IBIfc'ftittfc®: 7 um) Sfcfi 1 ^ 

BMfcS, 0.35 MPa W^ffi^T?&^--- > h^^3S J ff-h«#Ab 

tt7C#ffitk. fiJtt:«#ttll6LED7C#atiatT*^a (light extracting) 
25 #ft„ Mfe LED ^#W^^#tti6^#^ffi^^^WI*»E»W7C 

7A^0 7B, ®8^P9, gl&ffl 10A*D 10B &*&!35tt£%#&ffl 



30 ^M^fri^^^m^s^MJto m 7 a m 7B ^j^mTAJtw 
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Ab lift WBftW*ft*«t«toB 

7B H£ (fM£) SiitKlMTOiWSiW^ Ab n«E^ 

l/tWittM!*. B 8 ^fcB7£ 0.25 Mpa OTWJ£*T»4*— 

l $*m&*#ttswi*»TttiiJi . b 9 ^tB7& 0.35 M P a m&ms. 

+fi&4*— -M*. «BM. JfBftiflMMfctt M SfcB£ft— L Wrt 



OP o 



10A SI 10B *^^^^^MA^I**ffW«bWft«lW« 
^T^^>tatlM1tM>i-o B 10A*I 10B35*fcH73E035 Mpa*OTSffi*T 




aam^«^f^^*^ ; &SK'^^^®-t^^^ #B4fc 

Ab. 







b 11 a *«j^ait^&«^tt*^ifi*^^i*ai l w^n- s 
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&tJbk<t* l L :l im »4t#Ti9»Bt. ^*«W»f<*tt«t^Wfll Lc 3Eg HA 

^s#b»#. HpaiM-flt±fi«n»»T. **ttxre«tf , to£i«3rfci 

«*P, L fi«M pT lU«q S iib ffiStt 

fl*Brui*ffl lie ^^fiij^Hfft®. 4MWt l fit) 





ttttfc. ^WRM^fcfcfltf&as 1:6 M 3:4 fimfl4'tta&«& s fttt;ft&<Jtt 
ffi,-<aftRrUltt»Slt<l*4 1:8 M 1:1 fid «£ B * Ht RT W 2£#tf£; ft fit! gfJR . 

@jtfc, tti&afi^^fclSIKllH^ftfcfcffiA^ 1:8 M 1:1 fiM£B<K MA 
##WdWe*B7G#, OT#fi5«— J4^]ft«W«BJF*&^/jN^ 

Jifi&JgtfXffitt<Mfclg d *JlfcBMfcJgBlId 1 H*, JpfflllAJff^ ^— # 
ftttl L fi«S d L lH*M*4|£ft*fi<Jfttt. 

n iid «ib he ^mTwmmtkfrnmmf&ftim?'* &m hd *ib 
he taw— m», &&wiffimttotii&ftmiiMtt led tg#. mi®, # 

Wm L WW$PJlt^g, SP£n® 11D Sf^BDB*— ^ LED 7G#fi&BSI4H& 

BP, fti® HE^^-i-LEDTc^Eg^^^— -t— gCfitlM^^ 
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Z 12A MB HD t¥M&ffy LED 7D#^HJgtt— -t^MB. 12B 
HE ■fS&fcft LED 7C##ffiJgft— tlil. £@ 12A 12B »f 

WE*^<h^JflWA®iR- ^® 12AS1 12B igffl 13A*P 13B fcb&ltf 

-t- LED ^tt^»^«±»/W(Mfctt*^ m. Ma, s 

ftlB 13B JPf**&jftJfHlft " W 8feft#&*tB*. -t* LED 7G#W 

^«±»/a**H««*W^W«MbW»^ Mo ffi&ttWRT. ^£ 

^ttffl»fcWffi^lfc^^*fe«S»W LED 7C#W«***A 1, S 13A 

jfn i3B ^atj^— -rsE»w LED7c#e?i3bt»*i8Ma5a 0.9 m 0.95 sn. 

• i 14A I 14D *ffl^ittffl*3tliA#Sfeii«W^»ffl («cM®)c 
JH m mUit^it^^^WWm 102 300 nm J?fl«j3£^^S>t 

1 ±, VkW&J&XIft 3000 p-n 3l3*g§i§ftltt&'fe LED t£#. ^jTWfti. 

Tc^gp^^a^^®^^— 102c l&TE&fet^SI m JSfttt; 

flS^^^WJ^J^jR*^ 5 urn, n?G, MXU&Z) 10 ^im^J. 

abb* 30 jim »«»^*^W573>fr«>fr*i»^*tt^rii. fr&mMm 

• f-fll W^W**** 1 *. TOMMStf 101 5 nine mY, 

■^ir^si mam 14D tpfan—^^&TmnfrMwm, m&, &m ua 

14A). ttffi«4S^*^ YAG^W^H^it^ («Hfc» 355 ran), 

&frl%m\cl*:1g) 20 urn WacSSW*^:^^*!". *Jfc^tb« 
$f£fc{t50 jtmS80 Mm fflVH&ttft&llEfli L (S 14B)„ TOMS 

101 ii» ftM^&ft ioi WJWOG'h, KiiJI^ 

flMWt* 100 \xm®mmtt>B&)£hft 110 (B 14C). &Jg. AAim^Eff 




1 
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VL m 4* ^25/31^ 



10 



15 



20 



25 



AtJS&JMlft 110 BtjMlH5^® f t'7BM£B®4S d, O 14D). MB, 

BJWi 104 ^JJiaa^WJNFttS^S^^IIrt^ttfe LED 7D#o 

i§4§— >h LED 7C#W— i4* 350 Mm HScftf, 

a##wt l w-fcs iL^tittM&ftaftfli l Winn i int #£ij& 

#3? 25 urn m 150 urn. \Wf-> %%~^T LED 7Cft=W— 350 

Mm-fefft, -^jSlL^KHIlto^Stt^SO Mm jfP 125 pm. f^^X— ^« 

^ LED 7B#tt-i4* 350 nm-fcB*, ^ l L SJf^IPg l iHt MJif 
#3*75 Mm^PlOO nm 0 'H*?*. S#*B*flfc«##«J^|jSto 

ttftj^fttti^^ 10 >K fi3e5F«ffl*^W^fllW*->hM6 LED 



15A 





mm^jm^^mm^mmm led wast war* 
m i5B M-myt&iffij&mfrnm js&h&x* ® i6A *p i6B 

*at>t LED 7G#JgftJJllHr. B 17A ffl 17B Ji^— ^ LED jt 
frttJHW^ttfl&tf. H 16A, B 17A*1 18A*tiJT4f— ^WlW-fe 
ftlL^tt^tt^WWi.WlttWlilM^adift** 25 pmfP 150 imttlfa. 
B 16B, B 17B#I 18B^ttlT-K:^l L ^f§3PSl int ^ll^#^ 75 pm^I 120 pm 

#it«»t», mm, tarn i6A*n i6B »f j?f^iw«Aa 

mwmXRImm 17A *n 17B ^M*tB^^JS*^±W»fti»^fl«jM 




L 5 



1A 



53 




53 


!), 1 


S3 



1A 



3A M 3F W*&tB*JStJl^*ar1^ 



1G te^^M&5->h:frfa##tt*ffiffltt8±fc 

*B|W|. B 2A M 2F fP 








1:1 


1 




30 [Hy^&ififcl] 



30 
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20 io cm is) ii ttimm 

^flcSjf ll ^^j^^-M (wire-bonding type) LED W±3Hfl#. 

11 21 (H 28) tt*PII:£,&*a£a£#fl«E? 

>t ll ^J&i&Mikm 7, flMfcjg 7 SFtfe&^JQft fett 5a 6<jM|ffl±Mo tSHg- 

8 3Rj^iE%« (gfcf&flfc&R). AWfl^ftffrR 5a W&«fe^ 5 n 





2 (n MM) W#^WftM±W&SJI 50 Cffl 18 ^Pffl 21A M 21C) n, 



10 



15 



20 



25 



30 



m (n!2, 2bteJl 3Hpl4) 300 |im J?#J.ijS^^$!l 

j£Wifi#£-£*>T- 1 -k, &.®MJ&*iiSb 3000 p-n Sfc&gg^&WSS-fe LED 
7U# (^JWttStf 11 WHIM). «M«ffiife«*«±14JBl*«tii*tt n 
2 ftj3OT±7&&£JSJ! 50c ^ LED 7C#^]— #rii±^^J 350 fim 




c«E5i*##«>t ii wan) 

2lA£2lCft»3M^BMMMlKBJi n Wist 





(A) U^m6 mm 

fWJ**ffl> ±^*3S^Wi^W^^6 (ffl21A). 

(b) $ 





(7C 








5 YAG *3tW^H^i»& 355 ran), 

w^t« io m m^LM&foWLftM&ft mm , &mtmmmtftnm s, 

S &&&tft£d#JSiil3fcto n!2 m^%%Mm%%l 20 urn 
30nmWife<£ (S21B). 

(C) frMWiMftft'M 

# 1 WJPASli. 100 nm Wf$ll>t 10o £® 21C 
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1ft BJ 35 3127/3131 



H Jt 10 #*Mfc#>M£fe LED tc#( m 20 +0r*W¥**EJi' ll)c 

£ffe$ 5a (n «&) ^iUjg^T^T^M 3 fflftftHt, 3 

Jtb^h, ttJB&ftJttt. %^AJS (n %& 5a) SjUft-friW^^S (n 

totoitm 7 (^H^ffl 27C 4»tt*fctfM)0. BA. 

Sa tt£MJMl*#fi« (n!2) 2JQft&&aAftia. ^M«WT7C# 

L 3 , &*-->Hra«fi<i¥* L 4 (WWtStt«MSI«?^^*®Wffi 

[3S&5£ 2] 
20 L, * 8 jam 

L 2 « 10 |im 
L 3 » 2 fjm 
L 4 « 5 \xm 

L = 2(L! + L 2 + L 3 + L 4 ) « 50 Mm (2) 

> h^W^^%^5a#J.^:^W&?j^##^:>tc BP, *B$g^BJ, 

30 ^^^wz^MUMmm^n^n^w^^^m^^w^ 
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$ m 15 H28/31JI 



mm^mwio mat, mfcrn^Mwrn, nmmnm^mm^m^m 

s tkft. ^*#7c#tt«f*4 | . 4pl4 SHEW 8 ^ISpsmtt* 

io fcliP, " ^c^3t H Jf^M&Jf No. 2000- 1 8842 1 : %mWMMMfo 

15 ^ll^o 

m 23A *«S*^K£4s+£lfi«to^##Btf 200 fitJ^lJMS, R 

23B 200 tttifttB. 

3E S 23 A 23B ^ , 201 ^^M^^XJt; 202 

(AiN) ffl&tfym&m'. ^203 ^nm.n,i^uit^m^wm, 

20 ^M^at^Sift^Ji.*^*^ (Si) mUitm (GaN) 204 
3*3* £ In.Ga^N^x^^iJ^&lJ^^M; ttSff 207 fc^ig p 31 
Al y Ga 1 . y N(0<y<l)9tl p H&SS (clad layer) 205 9 p (GaN) W 

p M^MM 206 ft p MIlM^^f^I. JtttfK fc* 210 *^E&^ 
(Ni) flMWiE*®; 220 Si0 2 ft>MW%^JK: 

25 230 V (#L) /Al C^g) «#J:ft*&^ <*hftft%«). %£fe 

mi 220 

ip, m^7c# 200 w*nr#aiw^fiE*%ft*s 220 

n SL¥##Ji 203 WfldS*® 10 &fc£^#WI 204, 205 206 ffy 
m£&M 10, 207 205 Si 206) fa±aB#8lfi<J 

30 2fcE3d3ia&£^#JI 207 _LftiE%fc 210 tfj±Si$#ffiltt 
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m. m is ^29/31^ 



mm&ilft'fro mtTti* 200 lftS#5fctfl#*iE*:ft%^ 230 MRJA n 

wwm 203 ^±i^#^^^Miij%^j^ 220 ^±su^®^^^ma^ 

jtt\>, sn Mm^it^^^^ij^^ n m^wwm 203 w±sp 
5 #m&ti^M^ji^^7c# 200 tb^m, vxm$i%>®. 230 c^^%^> 

MR n M^#JI 203 #J±gff#^3lM&WJ^/& e 

J&*h &3bfc7t# 200 4« , ^^230^-|HJ^3iilJ-^iE%l5 210 
6tJ±^^^^So fcffl, &MTUftf%Tft n M^WI 203 

10 Iff^t, (fr&^^B23Aft23B*tott;f*. 

210 lft±lfim®#J&fa&g3&&^o 

^Mmm 220 jB#**<Mwa*m 10 ftfte&« 230 ^itsa&^mitM 

15 ^JHg^]^Bt^iiJ^Ml0^^«230^fi]^%^^W^2o IP, 

m&fatt'h&%:&&T&ix^i*&ftmRm%c* cap, ^^msotrw 

. wna, m±ffm, ttmtfy&ftmxtt&m&xm led ^ww: 

20 200 LED MZi^mft 

m. > h3tii««f«fflttfiw , *t 6 en 21A m 210 ^ifi^sw, a 

^J^S 23A ft 23B 203 , 204 ft 207 

W*feJfe^Jt 220, 210 ft 230o ^#1f^T, 

25 Aft^fcttMAfeHI. 
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I f ^ £30/31$[ 



m 24 &mm%A^&Mmm*^wteK ioo Mmm 
&m,tt>& (ain) fflj&mmifrm 102 M#£M^*>t 101 ±. n 

103 (Si) ft GaN fitjftgfc^&it n + MS3M§£i^fci» 

*j£ n + M±ltt GaN StJ n M^MM, #J. n MM 103 ft— #3MWE»WI 



10 



15 



20 



25 



30 




102 ±o 

(active layer) 104 54— i£MS& n MM 103 ±. 

p MM 105 CMg) #JpM AlGaN ftj p StLSJSffJSft^E 

p m^mm±^m^m (M g ) k p m GaN #j p m^mm, &r p mm 105 

3t— ^M^^EW^M 104 ±0 

"«j±M. Cp M$bfcM 105 ill) ±WtiM n MM 103 W— *P#**tH#. 

®&i&2W/&¥Wg3I3§ ; (flat-top resonator) SP#fngt&£l@^# 





( erosional residual portion ) 0 

Etta*. &jfc7B/*fftttfrJft*. watt*J«s**P^WffSfifitt:tt 





(Ni) ffUjj£ftIE« 106 a5stnffi«*l^**itJI*tt. iS r 4 T3B«» 
^ (pMM 105) ±fi*J&J£U 

& v (#i) /ai c«) iMAfidft^tt 107 au±ntt*jR^**j^ n M 

Wimnft c ft«i^»j«AW*&^*iJ£<Wf AWft %* 107c 

gp, jE(&® I06fn&%^ 107 iaj}t&j&, BPJ¥jg^#^Jtbffi^c 

ttfti. £ "**5S0*^jpJ^?F No. 2001-102673: mmmmtWik 

^^9#ak^6-«* w 4»H#iffl:IW£7^#&# 100 (LD) 
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m 25a (iE25B) &m&m i f'SNXM s ii&+**i&&ft ioo« egg 100 

^#^¥^#^)t 100HL«*3t*«*tt1»»Ttt^ll^rtt. MS 25B 
io ^*##2bfc7C#. #® 25A ^H«ftt*SE«^» 10 urn. 

Mo, 107 tt£*E±tai«— s 

aft, £S 25A +j^*#rt3rfe+. *— 'HHMt s ffc*#?§M* 
25 jittfh *3t9!W±i«Jifflxrt^Rf led ifp- LDo Ma. * 






30 m^mm. ttm*mrf-±m*totof*xmtom. 





36 



03149196.0 w & m m mnm 





38 



03149196. 0 



& m 45 m m mv29w 
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ift m 35 ffi m 3&6/29M 




6C 




6D 





6E 



6F 
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% m 15 m m wnm 
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t& w u m m msmis. 
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« m 45 m ® numw 
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vl w n m ® m 10/29^ 





11A 




1 X// 






, ^ 

J" 7 



ds 





11B 



11C 
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dL 
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11D 




11E 
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& w 4$ m m *ii/29jr 





12A 



12B 
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13B 
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104 



102 




14A 
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S3 



V 




104 





14B 



104 





14C 




m 14D 
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& w 15 m m mn/2m 




15B 
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16B 
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* W ^ ffi Wl %Yl V29M 
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m m m m mismn 
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& w 4s m m nzmm 



200 




23B 
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n m is m ® 1122/2933: 
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% m m m ^23/29^ 



100' 



100' 



I u \ 

106 C 107 107 C 106 





*i+z<z+Z4Z+z< ♦;♦:♦:« 



103 103 





25A 



100 100 

I ^~ * / "\ 

106 c 107 S 107 C 106 
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i& m is m a %2±/2m 




B3 26B 
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T& W m m ^26/2935 
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& w & m a M28/2m 
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